Introduction {#section1-2192568217736268}
============

Almost everyone knows someone or has recognized patients with ankylosing spinal disorders (ASDs), because of its distinct pathognomonic features and their clinical presentation. Typically, patients suffer from one or more of the following commonly associated symptoms: pain, stiffness, and kyphotic deformity with a stooped forward or rigid posture. Neck and/or back pain, loss of flexibly, and inability to walk upright without a horizontal line of vision makes these patients more susceptible to falls and spinal fractures. Simple ground-level falls (40%) and minor trauma are the most common mechanisms of injury.^[@bibr1-2192568217736268]^ Most elderly patients (mean age 69 years) with ASD will have diminished bone quality, for example, osteopenia or osteoporosis, and are prone to sustain mechanically unstable fractures (AOSpine classification B- and C-type injuries with case-specific modifier M2 \[TL system\], M3 \[subaxial system\]).^[@bibr1-2192568217736268]^ Mechanically highly unstable injuries render a higher risk of secondary neurologic injuries. Despite the need to expedite treatment, a delay in diagnosis of fractures and even facture dislocations in ASDs is commonplace. Interpretation of radiographic images and consequently treatment decisions can be challenging. Treatment strategies of spinal fractures in ASD are different from those for the young and otherwise healthy trauma patients with a nonrigid spine. A sound understanding of patient-specific needs, individual comorbidities, and knowledge of medical treatment options of the underlying diseases are helpful. More so, a multidisciplinary approach with the intent to prevent ASDs and fractures by offering the right treatment is essential.

The most common etiologies of ASD are seronegative (associated with HLA-27) spondyloarthritis (ankylosing spondylitis \[AS\]/Morbus Bechterew, Reiters syndrome, psoriasis arthritis, and other rheumatologic conditions), and senile ankylosing hyperostosis (Morbus Forestier), also known as diffuse idiopathic skeletal hyperostosis (DISH), which will be discussed as well.

These recommendations are the result of a literature review, clinical experience, and informal consent by a German Society for Orthopaedics and Trauma (DGOU) working group formed for the purpose to write treatment recommendations for spine fractures in ankylosing diseases from a German perspective. The working group members have been assigned by the Board of the Spine Section of the German Society for Orthopaedics and Trauma (DGOU) based on their expertise and clinical experience in the field of spine trauma care.

This review article summarizes current treatment concepts along with recommendations of the German Orthopedic and Trauma Society for cervical and thoracolumbar spinal injuries in the ankylosed spine.

Diffuse Idiopathic Skeletal Hyperostosis {#section2-2192568217736268}
========================================

Diffuse idiopathic skeletal hyperostosis, also known as Forestier's disease,^[@bibr2-2192568217736268]^ is a spondyloarthropathy characterized by an ankylosing hyperostosis, usually found in the anterior and lateral spine. The disease selectively affects the spine and takes place at the bony attachments (entheses) of tendons, ligaments, and joint capsules. Ossification occurs in the absence of inflammation. To match the diagnostic criteria 2/3 (according to Forestier/Resnick), adjacent vertebras have to show bony bridges with nearly normal intervertebral discs and *without* sacroiliac or facet joint fusion.^[@bibr3-2192568217736268],[@bibr4-2192568217736268]^ Besides flowing ossification along the anterior and anterolateral aspects of the vertebrae, further radiographic criteria for the diagnosis include the presence of preserved intervertebral disc height, absence of facet joint ankylosis, and finally no erosion, sclerosis, or bony ankylosis of the sacroiliac joints.^[@bibr5-2192568217736268]^

Most of the DISH patients show no symptoms and are diagnosed by chance. That might be the reason that the rate of DISH patients is underestimated and further displayed by a lack of publications.^[@bibr6-2192568217736268]^ An article by Holton and coworkers, in men from the general population over 65 years of age, showed that 42% fulfilled the diagnostic criteria by Resnick. The prevalence further rises with age.^[@bibr7-2192568217736268]^ Its progression is comparable to AS and directly associated to overweight and diabetes. Compared to AS, patients suffering from DISH presenting with vertebral fractures are significantly older and have higher comorbidity rates.^[@bibr1-2192568217736268]^

DISH is associated with a higher prevalence of thoracolumbar vertebral fractures in the elderly,^[@bibr8-2192568217736268]^ and it is more commonly seen in men than in women.^[@bibr9-2192568217736268]^

Quantitative computed tomography (CT) densitometry has shown significantly lower bone mass density in elderly men with both DISH and fractures when compared to men with DISH but no fractures, despite higher bone mass density measurements caused by the presence of paravertebral calcifications.^[@bibr8-2192568217736268]^ Spinal column rigidity and osteoporosis contribute to an increased fracture risk in individuals with ASDs.^[@bibr1-2192568217736268]^

Ankylosing Spondylitis (Morbus Bechterew) {#section3-2192568217736268}
=========================================

Ankylosing spondylitis, also known as Morbus Bechterew, is one of the most common seronegative (associated with HLA-27) spondyloarthritis subtypes. It is characterized by 2 key pathological findings: sacroiliac joint and spinal inflammation and new bone formation with the possible consequence of bone fusion, usually in the axial skeleton *with* ankylosis of the sacroiliac and facet joints.^[@bibr10-2192568217736268]^ Mostly men (15-50 years of age) are effected with an overall prevalence of 0.5% in Europe.^[@bibr11-2192568217736268]^ Typical findings include bone marrow edema, lymphocytic infiltrates, and increased microvessel density. Enthesitis is characterized by lymphocytic infiltrates around fibrous cartilage followed by subsequent ankylosis. Acute inflammation can be observed on magnetic resonance imaging (MRI; SI joints) earlier on during the disease. The molecular mechanisms that promote the transition from inflammation to new bone formation in patients with AS are not well understood.^[@bibr12-2192568217736268]^

Patterns of radiographic involvement can be assessed using the Bath Ankylosing Spondylitis Radiology Index (BASRI). Usually, symmetric sacroiliitis can be seen in 86% of patients, complete spinal fusion in 28% of patients for more than 30 years, and in 43% of patients with AS for more than 40 years.^[@bibr13-2192568217736268]^

Within the literature several synonyms for different clinical patterns and diseases causing spinal ankylosis can be found. [Table 1](#table1-2192568217736268){ref-type="table"} is a summary of names and common terminology used in this article.

###### 

Ankylosing Spinal Disorders (ASDs).

![](10.1177_2192568217736268-table1)

  ------------------ ----------------------------------------------------------------------------------------- ------------------ ------------------------------------------------------------------------------ -----------------------------------------------------------------------------
  Group              \(1\) Seronegative axial spondyloarthritis (SpA)                                                             \(2\) Degenerative diseases                                                    
                     *Definition:*                                                                                                *Definition:*                                                                  
                     • Genetic disposition (HLA-B27 positive)                                                                     • Primary cause unknown                                                        
                     • Missing rheumatoid factors (IgG, IgM, or IgA autoantibodies); "seronegative"                               • Noninflammatory                                                              
                                                                                                                                                                                                                 
  Name/Terminology   Disease                                                                                   Synonym            Disease                                                                        Synonym
                     Ankylosing spondylitis (AS)                                                               Morbus Bechterew   Diffuse idiopathic skeletal hyperostosis (DISH)                                Morbus Forestier, spondylosis hyperostotica, senile ankylosing hyperostosis
                     *Definition:*                                                                                                *Definition:*                                                                  
                     • Evident radiographic SI-joint changes (New York criteria^[@bibr14-2192568217736268]^)                      • Spondyloarthropathy and ossification with lateral and anterior osteophytes   
                     Nonradiographic axial spondyloarthritis (nr-axSpA)                                                                                                                                          
                     *Definition:*                                                                                                                                                                               
                     • Sacroiliitis visible on magnetic resonance imaging only                                                                                                                                   
                     • Clinical features and/or HLA-B27 detection^[@bibr15-2192568217736268]^                                                                                                                    
  ------------------ ----------------------------------------------------------------------------------------- ------------------ ------------------------------------------------------------------------------ -----------------------------------------------------------------------------

Nonoperative Management of Patients With Axial Spondyloarthritis (Ankylosing Spondylitis) and Nonradiographic Axial Spondyloarthritis (nr-axSpA) {#section4-2192568217736268}
================================================================================================================================================

As result of modern disease-modifying drugs (biologics) and constantly optimized rheumatologic treatment regimens, patient numbers with completely ankylosed spines have significantly dropped over time. Consequently, the numbers of injuries and complications associated with have also reduced.

Surgeons should have a basic understanding of the underlying medical condition, its pathomechanisms, and current clinical rheumatologic classifications systems. This knowledge will ease interdisciplinary communication and help better encompass specific substances and side effects (hemostasis, immunosuppression) that can have a significant impact on surgical planning and clinical outcome.

Nonoperative medical management options for the 2 most common rheumatologic disease categories (AS and nr-axSpA) associated with spinal ankylosis will be discussed in the following.

Inflammatory back pain is the crucial clinical parameter for differential diagnosis between degenerative and inflammatory spine disease. While evident radiographic changes in the sacroiliacal joints according to the modified New York criteria^[@bibr14-2192568217736268]^ classify patients for diagnosis of AS, sacroiliitis visible only by magnetic resonance imaging and/or other clinical features as well as the detection of HLA-B27 may lead to the diagnosis of nr-axSpA.^[@bibr15-2192568217736268]^ The new ASAS classification criteria for axial SpA are the following: the presence of sacroiliitis by radiography or by MRI plus at least 1 SpA feature ("imaging arm") or the presence of HLA-B27 plus at least 2 SpA features ("clinical arm").^[@bibr15-2192568217736268]^

Standard of care is physiotherapy and nonsteroidal anti-inflammatory drugs. Disease activity regularly is measured by BASDAI, a composite index based on different questions referring to activity of the disease. In the case of persisting disease, activity escalation of drug therapy is indicated. Biologics, especially TNF-blockers (adalimumab, certolizumab, etanercept, golimumab, infliximab), have demonstrated a high grade of efficacy in clinical trials with AS patients.^[@bibr16-2192568217736268]^ As of late secukinumab, a blocker of IL-17, has also been approved for treatment of axial spondyloarthritis. Selection of the most suitable drug for the respective patient depends on clinical parameters. Clinical parameters are involvement of the eyes, presence of psoriasis, chronic inflammatory intestinal disease, and individual preferences of the patient like interval of application or administration or experience with former therapies. Sheared decision making should be envisaged.^[@bibr17-2192568217736268]^

Clinical efficacy of drug therapy must be measured regularly. In the case of good and validated response (50% improvement in BASDAI, positive expert opinion), therapy should proceed.^[@bibr18-2192568217736268]^ The primary goal of treating the patient with SpA is to maximize long-term health-related quality of life and social participation through control of signs and symptoms, prevention of structural damage, normalization or preservation of function, avoidance of toxicities, and minimization of comorbidities.^[@bibr17-2192568217736268]^ As side effects are rare, one should be aware of infections. Therefore, latent tuberculosis or active/chronic hepatitis B or C should be excluded before start of therapy. To avoid infections vaccinations should be performed as recommend by regional authorities. One should be aware of allergic reactions. However, severe clinical cases are rare. There are some more contraindications and side effects, which should be considered before start and during therapy. Therapy with biologics should be stopped in the case of severe infections and in good time before an operation is scheduled (at least 2 half-life periods).

Biomechanical Considerations {#section5-2192568217736268}
============================

The main reason for the significantly elevated fracture risk in patients with ASD compared to the normal population is the characteristic of continuous pathological spinal remodeling. Both ectopic bone formation^[@bibr19-2192568217736268]^ and osteopenia^[@bibr20-2192568217736268]^ occur simultaneously as an essential part of the pathologic pathways. Unusual osteoproliferative processes lead to a ligamentous ossification progressively bridging the whole spine, while osteopenia in part results from a stress shielding of the cancellous vertebral parts. The change from a highly flexible, load transferring, and resisting spine to a multilevel-fused spinal column usually takes several years through the course of the disease. During this time the biomechanical behavior of the spine is stepwise transferred from articulation to a long-bone-like rigid lever.^[@bibr21-2192568217736268]^ It is commonly referred to as "*bamboo*-spine" in AS. This structure is not able to appropriately neutralize loads of a traumatic event. While trabecular bone is rarefied the external parts with the cortical shell of the anterior and posterior column are progressively loaded. The typical nonphysiologic kyphotic deformation^[@bibr22-2192568217736268]^ further triggers the loss of stress absorbing abilities. Furthermore, patients with fixed kyphosis have an impaired horizontal gaze and have a higher general risk of falls.^[@bibr23-2192568217736268]^ Furthermore, it has been shown that the degenerative processes are not limited to the bony structures: ligaments and muscles also undergo disease-specific modifications.^[@bibr24-2192568217736268]^ Patients have an impaired muscle strength with less proprioceptive abilities, which will have a negative impact during accidents and falls.^[@bibr23-2192568217736268]^ The result is a more than 10 times increased fracture risk and higher incidence of associated neurological deficits than in non-ASD patients.^[@bibr25-2192568217736268]^

Diagnostic Approach {#section6-2192568217736268}
===================

The history, mechanism of injury, and physical examination of patients with ASD is not always conclusive. A delay in the diagnosis, defined as lack of documentation of an existing fracture within 24 hours of a patient's initial assessment, has been reported for 10% (DISH) to 37% (AS) of the cases.^[@bibr1-2192568217736268]^ In the preclinical setting following any trauma in patients with known stiffening spinal conditions, it is advised to maintain spine precautions with external fixation (eg, hard cervical collar, vacuum mattresses) or any other available means of fixation until spine clearance has been obtained, for example, instability has been ruled out.

The diagnostic algorithm shown in [Figure 1](#fig1-2192568217736268){ref-type="fig"} is proposed. On conventional X-rays in both planes the common hyperextension fractures can be easily missed, especially if they are taken in an upright position. For exact classification and preoperative planning, CT scans with biplanar reconstruction or 3D imaging at least 3 vertebrae above and below the level of injury are strongly recommended.

![Diagnostic and therapeutic algorithm.](10.1177_2192568217736268-fig1){#fig1-2192568217736268}

Multisegment or multilevel injuries have been reported in 6% to 8% of the cases.^[@bibr1-2192568217736268],[@bibr26-2192568217736268]^ Thus, multisegment and multilevel injuries should be taken into consideration and excluded as well. The authors recommend whole spine CT scan or MRI for fracture screening in any case of relevant injury to patients with an ankylosed spine. Especially in the presence of neurologic deficits, MRI scans are helpful to assess all aspects of injury such as disco-ligamentous, spinal cord, and nerve root injuries, or reasonable option for the exclusion of occult fractures.^[@bibr27-2192568217736268]^ In cases with neurologic involvement MRI scans are always mandatory.

Radiographic fracture assessment can be based on the level of injury and different patterns of ankylosis. Caron et al classified ASD spine fractures into 4 groups based on anterior fracture excursion through the intervertebral disc, vertebral body, and/or posterior disco-ligamentous or osseous elements.^[@bibr1-2192568217736268]^

For fracture classification we recommend the recently published and validated AOSpine subaxial and thoracolumbar classification systems.^[@bibr28-2192568217736268],[@bibr29-2192568217736268]^ The M2 case-specific modifier (TL system) is designated for patients with ASD (SA, DISH), rheumatologic conditions, or osteopenia/osteoporosis, respectively, the M3 modifier for the cervical spine in the subaxial system (ossification of the posterior longitudinal ligament, ligamentum flavum, and others).

Physicians and every medical personnel (X-ray technician, nurses, etc) involved should be informed and alerted about the presence of an ASD beforehand.

At all times during the entire diagnostic process and until definite treatment, it is strongly advised to maintain strict external fixation and other necessary precaution measures to avoid fracture dislocation or secondary neurologic injuries.

Nonoperative Management of Spine Fractures in Patients With ASD {#section7-2192568217736268}
===============================================================

Patients with surgical contraindications or simple A-type fractures may be treated nonoperatively. Nevertheless, the likelihood to sustain an isolated simple compression injury (AOSpine A-type injury) in patients with ASD is low and their differentiation from unstable B- and C-type injuries sometimes difficult.

As mentioned before, ASD renders the spine much more susceptible for mechanically unstable AOSpine B- and C-type injuries, defined as failure of the posterior or anterior tension band (B-type injury), or failure of all elements leading to dislocation or displacement (AOSpine C-type injury). Nonoperative management for the latter *is not* recommended.

Any patient with nonoperative spine fracture treatment and concomitant ASD that has been immobilized in a halo, collar, TLSO, or plaster jacket must be monitored closely given the high risk of fracture dislocation, potential for progressive deformity, secondary neurologic deterioration, and generally poor clinical outcome associated with nonoperative treatment. Traction therapy in an unstable spinal injury is not an option. Options for nonoperative management are further limited given the fact that bracing of a fixed kyphosis is difficult, if not impossible. External halo-fixation is associated with a high risk of pin pull-out, pin infections, loss or reduction, and respiratory insufficiency in this patient population. Prolonged bed rest as a means of nonoperative fracture treatment is associated with a high rate of pulmonary complications and fatal outcome.^[@bibr30-2192568217736268]^ Overall, patients suffering from fractures of ASD present with an increased complication and mortality rate. In general, nonoperative treatment (immobilization) is only the second line of choice with inferior clinical outcomes when compared to surgical treatment and operative fracture fixation.^[@bibr21-2192568217736268]^

Operative Management of Cervical Spine Fractures in Patients With ASD {#section8-2192568217736268}
=====================================================================

At a level 1 trauma center, Caron et al in a retrospective case series identified 570 patients diagnosed with ASD (either DISH or AS) in their radiology database. A total of 112 (20%) of the 570 patients had 122 fractures. Injury distribution showed a majority of cases at the cervical spine level (55%; thoracic: 32%, lumbar 13%).^[@bibr1-2192568217736268]^

Two representative clinical cases have been chosen to highlight reasons and recommendations for *cervical* spine fractures treatment in ASD: the first case is a 49-year-old male with AS sustaining a ground-level fall, presenting to the emergency room with severe neck pain and bilateral C5/C6 radiculopathy ([Figure 2](#fig2-2192568217736268){ref-type="fig"}). The fracture was harmless-appearing on lateral and AP cervical spine films extending through anterior (C4 vertebral body) and posterior elements (C4/5 level) in a completely ankylosed subaxial spine. CT scans were obtained to confirm an unstable AOSpine subaxial classification type C4-5 C, F4 BL, N2, M3 injury. This case highlight the well-documented difficulties to visualize and fully appreciate the extent of the injury in ASD with plain films only; thus, screening of the entire spinal column with advanced neuroimaging (CT or MRI imaging) has been recommended.^[@bibr31-2192568217736268]^

![Case 1: Ankylosing spondylitis (AS) patient (AOSpine C4-5 C, F4 BL, N2, M3) with anterior-posterior fixation. (A) Initial lateral c-spine films; (B) Preoperative CT scan; (C) Instability and fracture dislocation following patient intubation and transfer in the supine position before and (D) after closed reduction on the operation table with a halo-reduction device fixed to the operation table; and (E) postoperative results.](10.1177_2192568217736268-fig2){#fig2-2192568217736268}

After endotracheal intubation and transfer to the operating table in the supine position, the noncontiguous, highly unstable fracture with marked dislocation could be seen once more ([Figure 2C](#fig2-2192568217736268){ref-type="fig"}). For these cases, video-laryngoscopic assisted or fiber-optic endonasal intubation is recommended and should be discussed with the anesthesiologist. Preoperatively, a manual closed-reduction maneuver under fluoroscopic control should be attempted. Temporary external fixation after fracture reduction in the prone or supine position can be best obtained with a halo-reduction device or Mayfield clamp. Preexisting spinal deformities must be considered for an appropriate adaption of the intraoperative patient positioning. A rigid cervicothoracic kyphosis can be challenging during fracture reduction and patient positioning. At times, a marked deformity can prohibit routine anterior or posterior surgical exposure.

For unstable B- and C-type cervical spine injuries in ASD, a combined anterior-posterior instrumentation is recommended. Whenever there is no option for a safe anterior approach and placement of an anterior plate with angular stable screws with bicortical purchase, we recommend a longer posterior lateral mass and/or pedicle screw construct for internal fixation.

For the first case and at the time of injury, a combined anterior-posterior plate construct with lateral mass screw was chosen and the radiculopathy resolved shortly after surgery.

The second clinical case is a patient 86 years of age, who felt out of his bed and onto his head ([Figure 3](#fig3-2192568217736268){ref-type="fig"}). His Glasgow Coma Scale score was 15 on admission to the hospital with complaint of severe neck pain. X-rays and CT scans of his head and c-spine were obtained and revealed an unstable C4-5 right facet fracture dislocation (AOSpine: C4-5 B2, F4, N0, M3) further extending through the C5 vertebral body and flowing anterior osteophyte. The large anterior bridging osteophyte (DISH) extending from C3-C7 was fractures. He was placed in a hard cervical collar and taken to the operating room after video-assisted intubation. The cervical collar was removed and a manual closed-reduction maneuver with Mayfield clamp under biplanar fluoroscopic control was carried out to reduce the unstable facet fracture dislocation. A left-sided standard anterolateral approach was chosen. After the exposure, a large prevertebral hematoma and loosened, broken off bony fragment of the flowing anterior osteophyte was removed. A 2-level ACDF (anterior cervical discectomy and fusion) C4-6 with autologous tricortical anterior iliac crest bone grafts with 6 angular stable bicortical screws was chosen for fracture fixation.

![Case 2: Diffuse idiopathic skeletal hyperostosis (DISH) patient (AOSpine C4-5 B2, F4, N0, M3) with 2-level ACDF and anterior angular stable plate fixation. (A) Initial CT scan with (B) C4-5 facet fracture dislocation, (C) fractures and broken off flowing anterior osteophyte; (D) Postoperative CT scans; (E) lateral and AP X-ray films.](10.1177_2192568217736268-fig3){#fig3-2192568217736268}

The patient was extubated and remained neurologically intact. Postoperative imaging confirmed adequate implant positioning and realignment of the facet fracture dislocation. On the third postoperative day, the patient developed a pneumonia that required further medical attention and further delayed his discharged to a rehabilitation facility because of multiple other medical comorbidities. Otherwise the surgical wounds healed uneventful.

Operative Management of Thoracolumbar (TL) Fractures in Patients With ASD {#section9-2192568217736268}
=========================================================================

The overall incidence of TL fractures in patients suffering from ankylosing spine diseases is yet not clear.^[@bibr27-2192568217736268]^ The so-called "clinical" fractures present with associated pain while all others are called "morphometric" fractures. The incidence of the later type widely varies throughout the literature.^[@bibr32-2192568217736268],[@bibr33-2192568217736268]^

In the literature, the proportion of ASD patients suffering from TL fractures varies between 30% and 50%.^[@bibr1-2192568217736268],[@bibr34-2192568217736268]^ Caron et al reported an incidence of 21% thoracic, 19% thoracolumbar, and 8% lumbar fractures in ASD patients.^[@bibr1-2192568217736268]^ Thoracic fractures are more likely in patients suffering from DISH while lumbar locations are more common in AS patients. At the segment level most fractures in DISH patients are observed through the vertebral body. In contrast, fractures in AS are evenly located at the level of the vertebral body and the intervertebral disc.^[@bibr21-2192568217736268]^ In early stages of AS chondroid metaplasia and calcification of the anulus fibrosus and the nucleus pulposus occur, turning the intervertebral disc into the weakest point. In more advanced stages osteopenia coupled with ossification transfer this area to the vertebral body as the primary fracture site.^[@bibr27-2192568217736268],[@bibr35-2192568217736268]^ Injuries at more than one level are common, making a diagnostic evaluation of the complete spine necessary^[@bibr36-2192568217736268]^ ([Figure 4](#fig4-2192568217736268){ref-type="fig"}).

![(A) Case 3: 74-year-old female with AS sustaining a multilevel cervical and thoracic spine fracture and intracranial bleeding (SAB) after a trip and fall onto stairways (C1/2 fracture dislocation with AOSpine subaxial classification: C7-Th1 C M3-type injury (a, b, d), and AOSpine TL classification T6-7 B3, M2-type injury) (c). (B) One stage posterior segmental fixation with C1/2 fixation using Harms/Goel technique (a-c), posterior lateral mass screw and pedicle screw/rod construct C5/6-T3-T5/6 and T7/8 (d-f).](10.1177_2192568217736268-fig4){#fig4-2192568217736268}

Most of the patients present with a history of low-energy hyperextension impacts, such as falls from a standing/sitting position. However, flexion, compression, and rotational fracture types are also reported.^[@bibr21-2192568217736268]^ Involvement of all vertebral columns, ossification of ligaments, and degradation of surrounding tissues result in highly unstable fracture patterns. According to the new AOSpine TL classification system,^[@bibr29-2192568217736268]^ the classic ASD TL spine fracture subtype is a B3, M2-type, but other A-, B-, and C-type injuries can be found as well. Based on high numbers with highly unstable injury patterns, the number of neurological deterioration is equally high. With an underlying ASD the risk to sustain a spinal cord injury, nerve root lesions, intramedullary edema, or spinal epidural hematoma is 11.4 times higher when compared to the general spine trauma population.^[@bibr25-2192568217736268]^ Caron et al reported 33%, 23%, and 33% of neurological complications in thoracic, thoraco-lumbar, and lumbar fracture localizations, respectively. A common complication is the appearance of secondary neurological deficits in up to 15% of the cases due to insufficient immobilization and patient transfers. Most likely these numbers are underreported and even higher. The neurological status in most patients is not influenced by treatment and does not change in the early postoperative and follow-up period.^[@bibr34-2192568217736268]^ Surgical intervention seems to positively increase the recovery rate.

Most cases, for example, any fracture with neurological deficits or mechanically unstable TL fractures in patients with ASD are indications for surgical intervention. Nonoperative treatment should be limited to cases with contraindications, such as poor general state of health or other comorbidities making general anesthesia impossible. If indicated, surgery should be carried out without further delay.

Sufficient preoperative closed reduction is one of the surgical key steps. However, closed and subsequently intraoperative open reduction can be hindered by long lever arms and high mechanical loads taking effect in the ankylosed spine. To avoid complications and dangers such as implant failure and screw pull-out by overstraining the construct, careful preoperative planning and patient positioning is mandatory. In the presence of a deformity, pads and rolls on the operation table can as a hypomochlion and help obtain the necessary fracture reduction. In extreme situations, an inclined upright sitting position is necessary, in order to close larger gaps of the widened anterior spinal elements in hyperextension injuries (B3-type).

Once the fracture is reduced, a posterior instrumentation is the treatment of choice in the TL spine. If mandatory, surgical decompression can be carried out in the usual fashion form posterior as well. Modern percutaneous pedicle screw and rod constructs are available as an option for less-invasive surgery and lower surgical comorbidities.^[@bibr37-2192568217736268]^ From a mechanical design standpoint, usually monoaxial pedicle screw systems are recommended to achieve better fracture reduction and obtain higher intrinsic construct stability than polyaxial pedicle screw systems would inherently allow for. Biomechanically, pedicle screw rod systems are favorable because they can better counteract high mechanical stresses with known screw loosening rates of up to 15%. For the same reason, we strongly recommended to extent the instrumentation up to a minimum of 2 levels above and below the level of injury.^[@bibr1-2192568217736268],[@bibr36-2192568217736268]^ In recent prospective studies the prevalence of osteoporosis was about 25% and thereby lower than originally assumed.^[@bibr38-2192568217736268]^ In cases with diminished bone quality (osteoporosis, osteopenia), the load should be distributed to a higher number of screws and/or combined with a cement augmentation as well. In the literature, a rising number of percutaneous procedures with good clinical results for minimally invasive interventions and sufficient stability were reported.^[@bibr37-2192568217736268],[@bibr39-2192568217736268]^ Given the large numbers of other medical comorbidities in patients with ankylosing spine fractures, percutaneous surgical technique seems highly attractive. Moussallem and coworkers showed lower blood loss, shorter operative times, decreased need for blood transfusion, shorter hospitalization time, and a lower perioperative complication rate.^[@bibr40-2192568217736268]^

Under the circumstance of an insufficient fracture reduction, for example, presence of a remaining larger fracture gap after the posterior instrumentation, a combined posterior-anterior instrumentation can help avoid the elevated risks of an early implant failure or pseudarthrosis. Expandable cage systems in combination with anterior angular stable plating systems are recommended to achieve the highest possible stability. Technically demanding open or closed wedge osteotomy with the intent to correct preexisting kyphotic deformities are not routinely recommended in the acute spine fracture care setting, because these procedures will further destabilize the spine and are associated with higher complication rates (pseudarthrosis and implant failure). In presence of gross preexisting deformities, fracture fixation and simultaneous surgical deformity correction can be considered. Risks and benefits of any additional surgical measures to reduce and stabilize the spine, for example, osteotomies for kyphosis correction, must be discussed with the patient.

Fractures of the ankylosed spine can present with a wide range of complications. Aortic dissection, aortic pseudoaneurysm, and tracheal or esophageal ruptures were reported and are associated to a high mortality rate.^[@bibr34-2192568217736268]^ General complications are elevated numbers of wound healing problems and infection, venous thrombosis and lung embolism, pneumonia, and respiratory insufficiency. Nevertheless, the overall complication and mortality rates in the nonoperative patient group are even higher compared to the operative treatment.^[@bibr34-2192568217736268]^

Iatrogenic Spine Fractures in Patients With ASD After Patient Positioning Following Routine, Elective (Nonspinal) Surgeries {#section10-2192568217736268}
===========================================================================================================================

When searching PubMed with the MESH terms "patient," "positioning," "spine fracture," and "iatrogenic complication" no item was found as on the search date.

On the contrary, it has come to the authors' attention that there are several patients sustaining iatrogenic spinal fractures having undergone routine, elective, nonspinal surgical procedures without any trauma or fall after the surgery.

For the first time, we report "patient positioning" as a cause for iatrogenic spinal fractures in ASD patients.

In the following we will present a representative iatrogenic spine fracture case that once again should alert everyone involved in the treatment of patients with underlying ASD, especially in the elderly with diminished bone quality.

The case is an iatrogenic unstable thoracolumbar vertebral hyperextension fracture without neurologic deficits (AOSpine TL classification: T12B3, N0, M2) in a geriatric patient with DISH with surgical management of a symptomatic cholelithiasis following a laparoscopic cholecystectomy. This 84-year-old woman was schedule for a routine endoscopic cholecystectomy by general surgery at an outside institution. Besides the symptomatic cholecystolithiasis her past medical history included a decompensated cardiac insufficiency with pleural, pericardial effusions, mitral insufficiency, coronary artery disease, chronic atrial fibrillations, and osteoporosis. The patient was placed in a supine position in the usual fashion and underwent an otherwise uneventful routine laparoscopic cholecystectomy.

Postoperatively the patient immediately complained of severe back pain but required attention and medical treatment in the intensive care unit for other reasons. On the second postoperative day, conventional radiographs and subsequently CT imaging of the thoracolumbar spine were obtained, which revealed an iatrogenic T12 hyperextension fracture-dislocation with an ankylosed spine ([Figure 5](#fig5-2192568217736268){ref-type="fig"}). Spine surgery was consulted. A repeat CT scan demonstrated progressive anterior widening with a noncontiguous spine fracture distraction through the T12 vertebral body, confirming gross instability of the injury in an ankylosed DISH spine ([Figure 5C](#fig5-2192568217736268){ref-type="fig"}).

![Case 4: DISH patient with iatrogenic T12 hyperextension injury (AOSpine T12 B3, N0, M2) following laparoscopic cholecystectomy. (A) Lateral X-ray of TL spine and (B) sagittal CT image 2 days after laparoscopic cholecystectomy; (C) Repeat sagittal CT image 15 days after laparoscopic cholecystectomy, demonstrating further displacement of the T12 vertebral body fracture dislocation; (D, E) Open reduction internal fixation with monoaxial screws and rods 3 levels above and below.](10.1177_2192568217736268-fig5){#fig5-2192568217736268}

Because of her advanced age, medical comorbidities, and slow recovery from the index surgery, transfer to the authors' institution for spine fracture treatment had to be postponed not before the 22nd postoperative day. Open posterior decompression (T11-12 laminectomy) and fusion was obtained with a monoaxial pedicle screw-rod instrumentation extending 3 levels above and below (T9 to L3) the level of injury. Postoperative CT images revealed an improved realignment at the TL junction without bony spinal canal encroachment ([Figure 5D](#fig5-2192568217736268){ref-type="fig"} and [E](#fig5-2192568217736268){ref-type="fig"}). The remaining postoperative course was uneventful except for the presence of an arrhythmia, treated with the implantation of a cardiac pacemaker.

The patient was transferred back to the referring institution for rehabilitation on the 13th postoperative day. She remained neurologically intact throughout her treatment and was ambulating with assistance at the day of her discharge.

Discussion {#section11-2192568217736268}
==========

From a demographic standpoint, an increasing numbers of elderly patients with ASDs will be seen requiring special attention in spine fracture care.

The susceptibility to sustain a spinal fracture even after trivial trauma in ASD patients, such as DISH and AS, has been described in the literature.^[@bibr41-2192568217736268]^ These particular spinal fractures usually follow low-energy trauma, seemingly trivial injuries, and in a majority of cases are accompanied by spinal cord injuries.^[@bibr41-2192568217736268]^ Delayed diagnosis and treatment can cause secondary neurological deterioration because of increasing fracture dislocation and instability with long lever-arms in an otherwise stiffened spine. Therefore, whole spine CT scan or MRI is recommended for clearance of the spine, even after identification of an injured segment. The frequency of multilevel injuries is increased in patients with ankylosing disorders. The behavior of spine fracture in ASD can be somehow compared to those of diaphyseal long bone fractures and should be treated as such. Special care and consideration for closed reduction, patient positioning, and obtaining surgical access is mandatory.

At the cervical spine combined anterior-posterior instrumentations demonstrated better stability and outcomes in different studies.^[@bibr34-2192568217736268]^ At the TL level, fracture fixation usually requires long posterior pedicle screw instrumentations with or without decompression and cement augmentation. Additional anterior instrumentation can be considered if there is a remaining anterior fracture gap besides previous posterior interventions. Technically advanced percutaneous instrumentation techniques and perforated pedicle screws allowing for easy intraoperative cement augmentation are promising in cases with diminished bone quality. They might further help lower the overall increased risks for spine fracture patients with ASD when compared to the general spine trauma population as well as the associated risks with open surgery (intraoperative blood loss, wound healing problems, infection rates).^[@bibr27-2192568217736268]^

Until now, complication rates and elevated mortality rates still remain significantly higher than in the usual spine trauma patient population without preexisting bony abnormalities.^[@bibr21-2192568217736268]^ The complexity of fracture treatment in patients with an ASD renders the necessity for standardized diagnostic pathways, fracture classification, and surgical intervention for mostly mechanically unstable fractures without any delay. Internal fixation offers superior means of reduction, decompression of neural elements, maintained stability during bone healing, and faster sufficient patient mobilization than nonoperative treatment.

Few case reports of iatrogenic spinal fractures in patients with AS combined with severe spinal deformity following orthopedic^[@bibr42-2192568217736268]^ and laparoscopic procedures^[@bibr43-2192568217736268]^ have been published. Lessons learned from the presented geriatric DISH patient that luckily remained neurologically intact following a routine endoscopic cholecystectomy was that a significant delay of treatment must be avoided by immediately ruling out spinal fractures if there is any complaint or new onset of backache after the surgical intervention.

This case confirms Chowbey and coworkers' finding that a marked kyphoscoliosis with a fixed rigidity deformity should be considered a contraindication for laparoscopic surgery as the altered body habitus can prohibit routine positioning and surgical access in these patients.^[@bibr43-2192568217736268]^ Obtaining preoperative conventional radiographs could easily confirm the diagnosis of DISH and should trigger appropriate precautions.^[@bibr5-2192568217736268]^ During the transfer of the intubated patients into the supine positioning any excessive hyperextension of the spine should be strictly avoided. Instead the patient should be placed and supported in the preexisting kyphotic position or habitus.

Key Points {#section12-2192568217736268}
==========

Summary of the main recommendations for the treatment options for spinal fractures in the ankylosed spine:ASD significantly increases the risk of unstable spinal fractures from potentially harmless, low-energy trauma. A delay in diagnosis and misinterpretation is common. Thus, a good understanding of the clinical presentation, fracture pathomorphology, altered biomechanical status, and understanding of the underlying pathology is essential.A standardized diagnostic and therapeutic approach is recommended with imaging studies of the whole spine.Unstable hyperextension, distraction, or translation injuries (AOSpine B3, M2/M3 type, or C, M2/M3 type fractures) require urgent surgical intervention and spine fracture fixation.Closed reduction maneuvers and routine surgical approaches can be significantly compromised by preexisting kyphotic deformities and must be considered. For fracture fixation combined anterior-posterior or long posterior instrumentations are recommended. Minimally invasive surgical techniques (percutaneous screws, cement augmentation) are helpful to minimize the extent of instrumentation and approach-related surgical comorbidity.
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